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DDAKEKBMT  OF  TKI  A HOC 
Fort  Dotrick 
Fr«4«rlck,  Kiry  Und 


ACTION  MECHANISM  OP  ACTIVATING  OR  ANTAGONISTIC 
METALLIC  CATIONS  IN  THE  OXIDATION 
OP  SK  IN  THIOPROTEINS 


/Following  1*  a  translation  of  «n  artiole  by 
Hue  Andrea  Goudot  end  Mlotael  Fagoet,  present¬ 
ed  at  the  24  April  I9t>1  meeting  of  the  French 
Academy  of  Sciences  end  published  In  the 
Frenoh-langusgs  perlodloel  Conotes  rendue  da 
1' Academic  Sol yxoas  (Reports  of  the  Acad¬ 

emy  of  flolenoei),  Vol  252,  1961,  pages  2557- 
2559 j  xmder  the  subject  heeding  of  Theoretic 
ChenlatryjJ 

Activity  of  oaticne  of  the  trensltlon  me tali  In 
the  formation  of  the  5~S  hood  by  oxidation.'-  it 
depends  on  the  eleotronlc  structure  of  the at Ion 
that  allows  or  does  not  allow  tbs  f onset  ion  of  a 
bond  by  resonanoo  between  the  stems  ooanaerned, 
through  the  Interned l err  of  a  3d  orbit.  The  entag* 
on  Ism  was  studied  during  the  exponential  growth,  of 
bacterial  oolonlee  J»enst  and-A^-Goudot,  Ball. 
Hoc..  fl'iUai  /TfiilTtln  of^fto~Ttlnnhmi1  osl  8o- 


8  —  3  bond  e  occur.  In  the  f  onset  ion  of  certain  netab- 
olltea  end  eepeoially  of  ensyne  precursors  (sTaogena) ,  after 
oxidation,  of  the  SB  groups  of  thlopreteins  like  cysteine  end 
glutathione.  Two  noleeuies  of  eystelne  or  of  glutathione 
give  t  28H  ♦  Ojj  «  B — 8  4  BgOp  This  oxldatlcn  ooeure  only 
very  slowly  in  the  air,  but  It  be  cones  rery  rapid  If  the 
eystelne  or  glutathione  noleeuies  are  coordinated  to  certain 
as  til  11  o  oationa,  while  others  Inhibit  the  reaction.  We  find 
la  S/i7cherl«bi|f  poll  primarily  glutathione  whose  enxywatic 
synthesis  ooours  as  follows  t 

Kg24 

L-glutsnlo  acid  4  L-oystelns  4  glycine  4  ATP  - -» 

L-glutathloae  4  AUP  4 


p 


Therefore,  the  S  — S  bond  takes  place  between  the  SH 
groups  of  the  cysteine  residues. 

1 .  OatalTflia  by  Free  Metallic  Cations.  In  the  formation 
of  a  hybridisation  complex,  the  glutathione  Is  joined  to 
the  metallic  cation  by  means  of  atoms  belonging  to  groups 
that  make  them  strongly  coordinating.  These  atoms  are  the 
N  of  the  NHj  group  in  glutamlo  acid,  the  H  and  the  S  in  the 
cysteine  residue.  Two  molecules  of  glutathione  (or  three 
of  cysteine)  form,  with  the  metallic  cation,  &  haxavalent 
complex  by  3d2  4s  4p3  internal  orbits.  The  neutral  Og  mole¬ 
cule  no  longer  has  anything  but  the  4d  external  orbits  to 
he  coordinated,  to  the  central  cation  for  a  band  that  is  all 
the  more  unstable  sinoe  the  occupied  orbits  serve  as  a 
oreea. 


nevertheless,  due  to  their  electronic  structure  each 
of  the  oat  Ions  of  transit  ion  metals  of  a  same  group  has  a 
different  action  mechanism. 

These  action  mechanisms  may  be:  1,  active  by  fix¬ 
ing  Oo  and  permitting  a  resonance  bond  between  the  atoms 
that  ire  to  react,  through  the  Intermediary  of  one  of  their 
orbits;  2.  merely  fix  Og  without  Interaction  between  Og 
end  the  substrates;  3.  not  fix  Og  In  the  oong>lex. 

The  two  systems  may  be  assumed  In  the  plane  XY  with 
the  SH  groups  depending  on  the  adjaoent  axes  X,  Y  in  the 
ooeqilex. 

lfa2*  (five  jd  eleotrons):  In  the  formation  of  a  3d2 
4s  4p'  complex,  after  pairing  3d  electrons,  the  fifth  3d 
electron  ooouplss  orbit  Jd™  tl031**  which  Is  a  it  orbit  of 
the  metallic  ostlon.  The  formation  of  a  chelated  complex 
by  means  of  strongly  donor  coordinating  atoms  inoreaaes  the 
redox  potential,  tending  to  stabilise  the  central  oaticm 
in  Its  highest  state  of  valenoe.  It  may  be  assumed,  there¬ 
fore,  that  the  metalllo  cation  uses  its  fifth  3dxy  electron 
for  a  ye  bo  ’  with  Oo  whloh  is  weakly  coordinated  to  it. 

This  fifth  >  xr  electron  resonates,  therefore,  between  the 
central  oatiun  and  Oo*  But  the  3dxy  orbit  has  some  positive 
lobes  depending  on  +X  and  +T  where  the  S3  groups  are  joined. 
A.  bond  that  we  shall  oall  bond  bj  resonance  nay,  therefore, 
be  established  between  0«  end  tbs  two  SH  groups  with  the 
aid  of  the  3dxy  orbit. 

The  calculation  of  the  distribution  of  charseo  with¬ 
in  the  complex  Indicates  a  positive  charge  on  S  whloh  produ¬ 
ces  a  rupture  between  S  and  H.  The  oxidation  reaotlon. 
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therefore,  is  made  possible.  In  addition,  the  resonance 
on  the  two  S  located  nn  the  same  plane  depending  on  +X  and 
+Y  penults  the  3—3  bond. 

Pe2+  (six  3d  electrons):  As  In  the  preceding  case, 
the  complex  has  a  tendency  to  become  stabilized  in  its  fer¬ 
ric  state.  Therefore,  it  may  be  assumed  that  ?e2+  utilizes 
its  sixth  3d  eleotron  for  a  bond  with  Oj.  Since  this  elec¬ 
tron  occupies  the  1C  3d  orbit,  a  bond  Jjv  yMm,nn»  la  pro¬ 
duced  between  Og  and  the  SH  groups,  as  in  the  esse  of  Mn2+. 

Experimentally,  the  amount  of  On  consumed  depends 
on  the  thioprotoln  concentration  when  It  is  In  excess  (Mioh- 
aelis  and  Barron,  £„  Biol.  Chen, .  8J,  1929,  p  191  )•  There¬ 
fore  the  HgOg  product  or  the  reaction  is  used  as  follows : 

SH  +  SH  +  HgOg  s  S—  8  +  2HgO. 

Co2*  (seven  3d  electrons):  The  seventh  3d  electron 
has  to  be  raised  to  an  sntibeading  orbit  of  the  metallic 
cation.  In  order  that  the  3d®  4s  4p3  complex  may  be  formed. 

02  coordinated  to  the  central  cation  by  a  4d  external  orbit 
aay  capture  this  elsetron.  Ve  thee  have  a  cobaltlc  ooaplex 
to  which  the  05  ion  Is  bound.  Therefore,  the  complex  fixes 
the  oxygen  in  the  sir,  but  there  Is  no  Interaction  between 
Op  and  the  SH  groups.  In  fact,  here  the  34*-.  electron  Is 
completely  displaced  an  02»  There  is  no  longer  any  reson¬ 
ance,  therefore,  no  oxidation  reaction.  Experimentally,  the 
•mount  of  O2  consumed  depends  on  the  Go*4*  oouoentratlca. 

Slnoe  the  oobmltlo  complex  that  is  formed  is  very  stable, 
there  is  blockage  of  the  thioprotelns  and  of  Oj,  whence  an 
inhibition  of  the  synthesis  reaction. 

Hi24  (eight  3d  electrons):  Ons  single  orbit  may  be 
freed  for  a  bond  through  an  "  1  tarns!  orbit.  Therefore,  there 
is  no  longer  any  possibility  for  a  bond  with  the  neutral  O2 
molecule.  Moreover,  slnoe  the  substrate  molecules  give  a 
stable  oomplex,  there  is  inhibition  of  the  reaction  by  block¬ 
age  of  the  substrate. 

M-ssoaiatian  eaarrT.  The  reacnanoe  energy  is  oalou- 
lated  in  the  20  BH-m^xal  and  GH5-8G-metal  complexes.  The  cosh 
plex  toward  which  the  reaction  tends  is  the  one  In  which 
the  electrons  oooupy  the  lover  energy  levels.  Therefore, 
this  is  the  oomplex  that  has  the  lover  resonsnoe  energy,  be¬ 
cause  they  both  have  the  same  number  of  electrons.  Tbs  dif¬ 
ference  betvetu  these  resonance  energies  gives,  as  an  alge¬ 
braic  value,  the  dissociation  energy  of  8— S. 
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1  •  With  Fe  s  The  resonance  energy  is  lower  In 
the  GS-SG-metal  complex.  Therefore,  the  reaction  has  a 
tendency  tc  take  place  toward  synthesis.  The  difference 
between  the  resonance  energies  corresponding  to  the  synthe¬ 
sis  Is  62.2  kg.  cal.  (heat  of  formation  of  S— S  is  63.8  kg. 
oal.). 


2.  With  Co®+  and  Ni®**1:  The  resonance  energies  are 
lover  in  the  2QSH-metal  complex.  The  energy  in  favor  of 
the  8H  +  SH  dissociation  is  17.6  kg.  oal.  for  Co>=+  and  36 
kg.  cal.  for  Ni2+. 

2 .  Catalysis  hr  means  o£  the  Cytochrome  Oxidase  -  Cytochrome 
£  Couple.  The  oxidation  reaction  of  the  sulnidryl  groups 
of  the  thloproteins  is  accomplished  in  tissues  vivo  with¬ 
out  production  of  HjOg  by  the  action  of  the  cytochrome  oxi¬ 
dase  in  presence  of  cytochrome  C  (Sumner,  The  Sny.vma .  pp 
365  and  614).  According  to  the  hypothesis  drawn  up  on  the 
active  role  of  oytoohromes  in  the  respiratory  chain  (a. 
Qoudot,  fiaakill.  BsaSaiL.  vol  251,  I960,  pp  722  sad  1194), 
that  is  to  say  that  the  oytoohrome  oxidase  is  not  only  an 
electron  transporter  hut  also  performs  tbs  Oo  =  0  +  0  dis¬ 
sociation,  the  oxygen  is  the  utllisable  far  the  oxidations. 

We  hays,  as  in  the' respiratory  chain t  cyt.  oxidase 
Fe^+  +  Op  -  cyt.  oxidase  Ft®*  -  0+  ♦  0  and  in  the  presence 
of  cyt.  c,  cyt.  oxldaae  Fez+  -  0+  +  0  2  cyt.  C  Fb*+  s 

cyt.  oxidase  Fe?*  0“  +  0"  ♦  2  cyt.  C  Fe3+.  The  oxidation 
reao-kian,  than,  is  aooompllshsd  without  the  formation  of 

HjjOjj. 


The  oxidation  of  phsnyldlamine  in  tbs  cardiac  ausole 
la  aooompliahsd  in  the  same  may. 

Comment .  The  nativity  1&  vivo  of  these  oatlons  of 
the  transition  metals  and  of  these  enzymes  on  the  exponen¬ 
tial  growth  of  baoterlal  colonies  has  'been  the  object  of  an 
experimental  study  (X.  Paguet  and  A.  Qoudot,  loo,  clt.) :  a. 
on  aerobic  bacteria;  b.  on  anaeroblo  baoterla. 
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